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A B S T R A C T
A highly sensitive, selective method has been developed and validated for determination of capsiate and di-
hydrocapsiate for the ﬁrst time using HPLC-ESI/MS(QTOF). For both capsinoids, LODs and LOQs were 0.02 and
0.05 µmol/l, respectively. The intra- and interday repeatability values (RSD %) were 0.26–0.41% for retention
time, and 2.25–2.11% for peak area. Recoveries were up to 98% and 97% for capsiate and dihydrocapsiate,
respectively. This method was successfully applied to quantify capsiate and dihydrocapsiate in eight pepper fruit
accessions. Capsinoids were found in the range of 1.21–544.59 μg/g DW for capsiate and of 0.61–81.95 μg/g DW
for dihydrocapsiate. In the ‘Tabasco’ accession, capsiate and dihydrocapsiate were quantiﬁed for the ﬁrst time,
ranging from 3.09 to 58.76 and 1.80 to 6.94 μg/g DW, respectively. Additionally, the ESI-MS/MS(QTOF) analysis
has allowed the tentative identiﬁcation of two other minor capsinoids by exact mass and fragmentation pattern,
in the ‘Bhut Jolokia’ accession.
1. Introduction
Capsinoids, a group of compounds analogous to capsaicinoids, were
ﬁrst reported in pepper fruits from the low-pungent cultivar ‘CH-19
Sweet’ (C. annuum) (Kobata, Todo, Yazawa, Iwai & Watanabe, 1998).
Capsinoids and capsaicinoids are odourless, tasteless and responsible
for pungency in pepper fruits (Capsicum spp.) (Bosland & Votava, 2012,
chap. 6). Both have similar chemical structures except for their central
linkage (Supplementary material, Fig. S1); capsaicinoids are amides of
vanillylamine with branched-chain fatty acids (from 7 to 13 carbons in
length), whereas capsinoids are esters of vanillyl alcohol with fatty
acids, similar to those of capsaicinoids (Kobata et al., 1998; Sutoh,
Kobata, Yazawa & Watanabe, 2006; Singh et al., 2009). This structural
diﬀerence could be responsible for the lower stability of capsinoids and,
therefore, for their lower pungency, assessed to be about 1000 times
lower than that of capsaicinoids (Tanaka et al., 2015). In spite of their
lower pungency, capsinoids exhibit similar health-promoting properties
to capsaicinoids, such as being analgesic, antioxidant, anticancer and
anti-inﬂammatory, but without such side eﬀects as irritation or a
burning sensation (Evangelista, 2015; Friedman et al., 2018). Besides,
capsinoids protect the gastric mucosa from injuries (Li et al., 2012),
improve glucose metabolism (Kwon et al., 2013), and increase ther-
mogenesis and body energy expenditure, thus becoming an eﬀective
tool for anti-obesity treatments (Zsiborás et al., 2017).
Up to date, three capsinoids (capsiate, dihydrocapsiate, and nordi-
hydrocapsiate) have been isolated from pepper fruits (Kobata et al.,
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1998; Kobata et al., 1999). However, as in the case of capsaicinoids, in
which more than twenty analogues have been reported, several minor
capsinoids not yet described could exist (Bosland & Votava, 2012, chap.
6). The number of side chain carbons, the presence or absence of an
unsaturation, and the methyl branches located in diﬀerent positions
along the chain (straight, iso- or anteiso-), determine the structure of
capsaicinoids and capsinoids and, consequently, their bioactivity and
pungency degree (Bosland & Votava, 2012, chap. 6). Usually, capsi-
noids have been reported in hot and super-hot pepper cultivars, al-
though in medium to low concentrations compared to capsaicinoids.
For instance, capsinoids were found in ‘Habanero’, ‘Bhut Jolokia’,
‘Trinidad Moruga Scorpion’, and ‘7-Pot’ cultivars in a range from 151 to
915 µg/g dry weight (DW), whereas capsaicinoids ranged from 5063 to
23,303 µg/g DW, their concentrations being up to 50-fold higher than
those of capsinoids (Jang et al., 2015; Tanaka et al., 2015). Although
hot peppers are used worldwide in cuisine, some markets, like the
European, prefer non-pungent pepper cultivars for fresh consumption
(FAOSTAT, 2013). Thus, the development of new non-pungent Cap-
sicum cultivars with high levels of capsinoids (and low or null of cap-
saicinoids), through breeding programs, has gained importance in re-
cent years. To do so, it is necessary to have certain genetic control of the
compounds responsible for pungency, as well as of the biosynthesis
process of both capsinoids and capsaicinoids. Although some genes
have been proposed as responsible for pepper pungency, several au-
thors suggest that the pAMT gene plays a key role in capsinoid bio-
synthesis. This gene encodes a putative aminotransferase (pAMT)
which catalyses the formation of vanillylamine from vanillin in the
capsaicinoid biosynthetic pathway. Mutations in the pAMT gene re-
sulted in a loss of the pAMT enzyme functionality, and consequently, an
increase of capsinoid biosynthesis over that of capsaicinoids (Lang
et al., 2009; Tanaka, Hosokawa, Otsu, Watanabe & Yazawa, 2009,
2010a. 2010b; Tanaka et al., 2015). These mutations have been re-
ported in some low-pungent pepper cultivars from C. annuum, e.g. in
cultivar ‘CH-19 Sweet’ capsinoids reached from 1332 to 5825 µg/g DW
being up to 50-fold higher than capsaicinoids (Lang et al., 2009; Tanaka
et al., 2009; Tanaka et al., 2010a). Similarly, in a few mildly pungent
pepper cultivars from C. chinense, such as ‘Belize Sweet’, ‘Zavory Hot’,
‘Ají Dulce Strain2’, ‘No. 80’, ‘SNU11-001’, ‘LP1-LP12’, and ‘No. 4034’
high contents of capsinoids, ranging from 415 to 7441.81 µg/g DW,
were found whereas capsaicinoids were found only in trace amounts
(Tanaka et al., 2010a; Jang et al., 2015; Tanaka et al., 2015), or even
undetectable levels (Tanaka, Fukuta, Koeda, Goto, Yoshida & Tanaka,
2018). Furthermore, recently, in the low pungent ‘S3212’ genotype
from C. frutescens up to 607.6 µg/g DW of capsinoids and capsaicinoids
have been described in trace amounts (Park et al., 2015). In this regard,
the accurate identiﬁcation and quantiﬁcation of capsinoids and cap-
saicinoids, through precise analytical techniques, is essential to allow a
better understanding of the genetic control of pepper pungency.
Until now, few analytical methods have been developed for capsi-
noid determination in pepper fruit samples, and all of them are based
on HPLC and UHPLC techniques. The HPLC coupled with ﬂuorescence
(FL), ultraviolet (UV) and UV/Vis diode-array detection has been ap-
plied both for the identiﬁcation of genes related to capsinoid bio-
synthesis (Lang et al., 2009; Tanaka et al., 2010a, 2010b; Tanaka et al.,
2015; Han et al., 2013; Jang et al., 2015), and for the characterization
of metabolite diversity in pepper (Capsicum spp.) germplasm (Tanaka
et al., 2009; Singh et al., 2009; Wahyuni, Ballester, Sudarmonowati,
Bino & Bovy, 2011). Even a UHPLC-DAD method was validated and
optimized to separate 17 capsinoid standards (Coutinho et al., 2015).
However, the sensitivity of some of these methods is limited, particu-
larly for the minor capsinoids, allowing only the detection of capsiate.
Moreover, capsinoids are measured in FL and UV–Vis detectors at the
same wavelengths as those of capsaicinoids and other organic com-
pounds (Tanaka et al., 2009), and their quantiﬁcation could be over-
estimated. This would occur when identiﬁcation and quantiﬁcation of a
relatively large number of capsaicinoids and capsinoids, known or even
unknown analogues, present in a pepper extract is based only on re-
tention time and UV spectra, while co-elution of minor compounds was
happening. Conversely, HPLC in combination with high resolution mass
spectrometry (MS) detection would allow: i) a selective identiﬁcation of
capsinoids by exact molecular masses (m/z); ii) a higher sensitivity
(LODs and LOQs for capsinoids) than that of most HPLC-UV methods;
iii) and more information obtained for each peak (Barbero, Liazid,
Azaroual, Palma & Barroso, 2016; Stipcovich, Barbero, Ferreiro-
González, Palma & Barroso, 2018; Fayos, Mallor, & Garcés-Claver,
2018). As far as the authors know, there are no previous reports of
capsinoids being determined in pepper fruits using HPLC-MS. There-
fore, the aim of this study is to develop and validate an HPLC-electro-
spray ionization-quadrupole time-of-ﬂight mass spectrometry [(HPLC-
ESI-MS(QTOF)] method, which allows an accurate quantiﬁcation of the
two major capsinoids, capsiate and dihydrocapsiate, and a selective
identiﬁcation of minor capsinoids that have not been identiﬁed by
previous methods. This method would be suitable for an exhaustive
analysis of capsinoids in pepper fruit matrices, both in genetic studies
and breeding programs.
2. Materials and methods
2.1. Chemicals and reagents
All samples were prepared in a mixture (60:40 v/v) of methanol
(> 99.9% LC-MS grade, Scharlau Chemie S.A., Barcelona, Spain) and
analytical grade type I water (Milli-Q Synthesis, Millipore, Bedford,
MA). Synthetic capsinoid standards: (O7C) 4-hydroxy-3-metoxybenzyl
heptanoate; (O8C) 4-hydroxy-3-metoxybenzyl octanoate; (O9C) 4-hy-
droxy-3-metoxybenzyl nonanoate; (O10C) 4-hydroxy-3-metoxybenzyl
decanoate; (O11C) 4-hydroxy-3-metoxybenzyl undecanoate; (O12C) 4-
hydroxy-3-metoxybenzyl dodecanoate; (O13C) 4-hydroxy-3-metox-
ybenzyl tridecanoate; (O14C) 4-hydroxy-3-metoxybenzyl tetra-
decanoate; (O15C) 4-hydroxy-3-metoxybenzyl pentadecanoate; (O16C)
4-hydroxy-3-metoxybenzyl hexadecanoate; (capsiate) (E)-8-methyl-6-
nonenoate and (dihydrocapsiate) 4-hydroxy-3-methoxybenzyl 8-me-
thylnonanoate were synthesized in the Department of Organic
Chemistry at the University of Cadiz, Spain (Barbero et al., 2010). The
(± )-3,4-dimethoxybezyl 4-methyloctanoate (DMBO) was chemically
synthesized and used as internal standard in all experiments (Fayos,
Barbero, et al., 2018). The chemical structure, molecular formula,
molecular weight and mass data of all the standards used in this work
are shown in the Supplementary material, Table S1.
2.2. Preparation of the standard solutions
The stock solutions (1100 and 1000 µmol/l) of all capsinoid stan-
dards were prepared in three series and preserved in methanol at
−20 °C until use. These stock solutions were used to prepare the dilu-
tions for all experiments in a mixture of methanol:water (60:40, v/v).
2.3. Plant material
Eight pepper accessions were used in the present study belonging to
three of the domesticated Capsicum species: ‘RU72-241’, ‘Mishme’, ‘Red
Habanero’, and ‘Bhut Jolokia’ belonging to C. chinense; ‘Chile Serrano’
and ‘Chile de Árbol’ to C. annuum; and ‘Tabasco’ and ‘RU72-7′ to C.
frutescens. All accessions were supplied by the Vegetable Germplasm
Bank of Zaragoza at the CITA of Aragón (Zaragoza, Spain). Three plants
per genotype were grown in a greenhouse in black plastic pots, of 17 cm
in diameter (one plant per pot), containing a substrate mixture of peat,
sand, clay-loam soil, and Humin substrat (Klasman-Deilmann, Geeste,
Germany) (1:1:1, in v). Two grams of a slow-release fertilizer
(Osmocote 16N-4P-9K, Scotts, Tarragona, Spain) were used as a top-
dressing in each pot. Plants were watered daily to maintain optimum
growth, and the average maximum and minimum temperatures in the
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greenhouse during the growth period were 28 °C and 18 °C, respec-
tively.
2.4. Capsinoid extraction
Five ripe pepper fruits per plant were harvested and pooled. Fresh
fruits were dried in a freeze-drier (Virtis Genesis 25 EL) during
4–5 days, and then bulked fruits were ground in a blender. Three
hundred milligrams of pepper powder were extracted with 3ml of pure
ethyl acetate (> 99.8% LC-MS grade, Scharlau Chemie S.A., Barcelona,
Spain), and stirred for 1min in a vortex. Ethyl acetate was selected to be
the most suitable solvent for capsinoid extraction compared to ethyl
acetate:acetone, methanol and acetonitrile (Fayos et al., 2015). In each
extract, a known amount of DMBO was added, as an internal standard,
being 5 µmol/l the ﬁnal concentration. The pepper powder suspension
was shaken constantly at 30 °C for 1 h operating at 60 rpm (orbital
shaker from Velp Scientiﬁca, Usmate Velate, Lombardia, Italy). The
mixture was centrifuged for 5min at 620g, and 2ml of the supernatant
was collected in microtubes. This supernatant was completely evapo-
rated in a vacuum centrifuge (miVac Duo Concentrator, Barnstead
GeneVac, Ipswich, UK). The resulting pellet was resuspended with a
0.5 ml mixture of methanol and ultrapure water (60:40 v/v). Finally,
the mixture was ﬁltered through two disposable nylon ﬁlters, ﬁrst with
a 0.45 µm ﬁlter and then with a 0.20 µm one (Teknokroma Analítica
S.A., Barcelona, Spain).
2.5. HPLC-ESI-MS(QTOF) and HPLC-ESI-MS/MS(QTOF) analysis
Individual standard solutions in 60% methanol (20 µmol/l for
DMBO and 10 µmol/l for capsiate and dihydrocapsiate) were detected
by direct injection with a syringe pump (Cole-Parmer Instrument Co.,
Vernon Hills, IL, USA) operating at 4 μl/min, in a Quadrupole Time-of-
Flight (QTOF) mass spectrometer equipped with an Electrospray
Ionization Source (ESI) (MicrOTOF-Q, Bruker Daltonics, Bremen,
Germany). HPLC-MS and MS/MS experiments were carried out using
N2 as collision gas with collision cell energy of 10 eV and an isolation
width for the precursor ion of 2 mass-to-charge ratio (m/z) units. The
nebulizer gas (N2) pressure, the drying gas (N2) ﬂow rate and the drying
gas temperature were 1.6 bar, 8.0 L/min, and 200 °C, respectively.
Spectra were acquired in the m/z 50–800 range. The mass axis was
calibrated by using Na-formate adducts [10mmol/l NaOH, 2.5% (v/v)
formic acid and 50% (v/v) 2-propanol] that were introduced through a
divert valve at the beginning of each direct injection. For MS/MS
spectra the molecular ions [M+Na]+ with values of m/z 329 for
capsiate and m/z 331 for dihydrocapsiate and DMBO were chosen as
precursors, with an isolation width of 4m/z units and an amplitude
voltage of 0.45 V. The MS/MS technique was also applied to ‘Bhut
Jolokia’ extract for fragmentation the precursor ions m/z 329 and m/z
331 and to conﬁrm those peaks that corresponded with capsinoids.
Bruker Daltonik software packages micrOTOF Control v.2.3 and HyStar
v.3.2 were used to control the system. Data Analysis v.4.0 was used to
process the data. The Sigma Fit (Bruker Daltonik) algorithm was used
for the molecular formula determination.
Chromatographic separation was performed on an Agilent 1100
series HPLC system (Agilent Technologies, Waldbron, Germany)
equipped with an isocratic pump, an autosampler, and a thermostated
column compartment. The column used was an analytical HPLC RP-C18
column (Symmetry® C18, 2.1× 150mm; 3.5 μm spherical particle size,
Waters, Milford, MA, USA) protected by a guard column (Symmetry®
C18 2.1 mm i.d.× 10mm length, 3.5 μm spherical particle size,
Waters). The HPLC conditions were Milli-Q water (solvent A) and me-
thanol (solvent B) acidiﬁed with 0.1% (v/v) acetic acid as eluents,
0.2 µl/min as ﬂow rate, 25 °C as column temperature, and 5 μl as in-
jection volume. The elution program started according to the following
gradient: 0–7min, 60% B; 7–15min, 60–70% B; 15–52min, 70–100%
B; and was maintained for 80min to equilibrate and return to the initial
concentrations.
The validation of the HPLC-ESI-MS(QTOF) method was carried out
with several parameters, including linearity (calibration curves con-
sisting of 13 points), limits of detection [LOD, signal-to-noise (S/N)
ratio of 3], limits of quantiﬁcation [LOQ, S/N ratio 10], repeatability
(intraday assays), intermediate precision (interday assays), and accu-
racy (recoveries). Recoveries were performed using an extract of pepper
fruits from the ‘Bhut Jolokia’ accession. This cultivar was selected be-
cause its fruits inherently contain capsiate and dihydrocapsiate (Tanaka
et al., 2015). All of these experiments were corrected by adding DMBO
as an internal standard, being 5 µmol/l its ﬁnal concentration.
3. Results
3.1. ESI-MS(QTOF) and ESI-MS/MS(QTOF) analysis of capsiate,
dihydrocapsiate, and DMBO standards
Capsiate, dihydrocapsiate, and DMBO mass spectra were optimized
in positive-ion mode by direct injection of the individual standards in
the QTOF mass analyzer using ESI-MS(QTOF) in the m/z 200–400 range
during the whole chromatographic run. In negative ion mode ioniza-
tion, no compounds were detected. Optimal values leading to maximum
signal intensity for every compound were 4500 V and −500 V for ca-
pillary and endplate oﬀset, respectively. The major peaks observed in
the ESI-MS spectra were the [M+Na]+ molecular ions at m/z 329.1731
for capsiate, m/z 331.1885 for dihydrocapsiate, and m/z 331.1888 for
DMBO (Fig. 1). These molecular ions were selected as precursors for the
MS/MS experiments. The MS/MS spectra obtained for capsiate and
dihydrocapsiate standards showed the most intense product ion at m/z
159.0417 and 159.0419, respectively, corresponding to the sodiated
aromatic ring moiety. Besides, in both MS/MS spectra another less in-
tense product ion could be observed at m/z 137.0605 for capsiate and
m/z 137.0623 for dihydrocapsiate, corresponding to the protonated
vanillyl ring. The MS/MS spectra of both capsinoid standards were si-
milar, since the ionized fragments corresponding to the aromatic ring
moiety are common to all capsinoids. On the other hand, the MS/MS
spectrum of DMBO showed a major peak at m/z 151.0750, corre-
sponding to the protonated vanillyl-type ring. The portion corre-
sponding to the branched-chain fatty acid of the three standards did not
ionize. These data have enabled the development and optimization of
the HPLC method.
3.2. HPLC method for capsinoid standards
This chromatographic method was established with the purpose to
allow the separation of all capsinoid standards currently available. The
chromatographic separation of all capsinoid standards was carried out
in approximately 55min, and the peaks were neat and well-resolved
(Fig. 2). The HPLC method permitted to resolve adequately thirteen
capsinoid standards, including capsiate, DMBO, and dihydrocapsiate
with retention times of 31.0, 34.0, and 35.3min, respectively. DMBO,
dihydrocapsiate and the isomer 4-hydroxy-3-metoxybenzyl decanoate
(O10C), all of them with an m/z ratio of 331, were completely sepa-
rated.
3.3. Validation of the HPLC-ESI-MS(QTOF) method
The HPLC-ESI-MS(QTOF) method was developed for the simulta-
neous quantiﬁcation of capsiate and dihydrocapsiate, and the qualita-
tive detection of the rest of capsinoids from pepper fruits extracts.
Calibration curves, LODs and LOQs, intra- and interday repeatability,
and recovery assays, corrected by internal standardization, were per-
formed to complete the validation of the HPLC-ESI-MS(QTOF) method.
LODs, characterized as the amount of analyte giving a signal-to-
noise (S/N) ratio of 3, were 0.006 µg/ml for capsiate and dihy-
drocapsiate standards (corresponding to a concentration of 0.02 µmol/
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l), and LOQs, deﬁned as the amounts giving an S/N ratio of 10, were
0.015 µg/ml (0.05 µmol/l) for both. Calibration curves were used to
evaluate the linearity of the method. Blank samples were spiked with
standard solutions of capsiate and dihydrocapsiate in thirteen con-
centration levels corresponding to 0.05, 0.1, 0.25, 0.5, 1, 5, 10, 15, 20,
40, 60, 80, and 100 µmol/l, and adding a ﬁxed concentration of 5 µmol/
l DMBO, in triplicate. The resulting calibration curves were obtained by
plotting the analyte peak area ratio (AA), standardized with the peak
area ratio of the internal standard (AIS), versus the concentration of the
analyte. For both compounds, the data ﬁtted well into a linear equation
from LOQs to 100 µmol/l, being R2 equal to 0.997 for capsiate
(y= 0.172x− 0.118), and R2 equal to 0.999 for dihydrocapsiate
(y= 0.248x− 0.144). The intraday repeatability for retention time
(RT) and peak area ratio (AA/AIS) was calculated by the relative stan-
dard deviation of 10 consecutive injections with two concentration
levels, low (5 µmol/l) and high (50 µmol/l), for each analyte. The in-
termediate precision was calculated by the relative standard deviation
of one injection of the same standard solutions on 10 consecutive days.
The RSD values for RT were less than 0.26% and 0.41% for the intraday
repeatability and intermediate precision, respectively. The RSD values
for peak area ratio were in the ranges from 1.83 to 2.25% for intraday
repeatability and from 1.33 to 2.11% for intermediate precision
(Supplementary material, Table S2). Recoveries were performed in
triplicate by spiking fruit extracts of the ‘Bhut Jolokia’ accession with
solutions containing known amounts of capsiate, dihydrocapsiate and
DMBO standards. Recovery was calculated by subtracting the crude
extract from the sample spiked with the standards, and dividing it by
the average of the standards. Capsiate and dihydrocapsiate were re-
covered in the ranges of 98.0–92.7% and 89.6–97.6%, respectively
(Supplementary material, Table S2).
Fig. 1. Positive-ion mode ESI-MS and ESI-MS/MS spectra of capsiate, dihydrocapsiate, and DMBO acquired by direct injection on QTOF mass analyzer of individual
standard solutions in 60% methanol (10 µmol/l for capsiate and dihydrocapsiate and 20 µmol/l for DMBO).
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3.4. Capsiate and dihydrocapsiate analyses in pepper fruit extracts by
HPLC-ESI-MS(QTOF)
The HPLC-ESI-MS(QTOF) validated method was applied to the
analysis of pepper fruit extracts from the eight pepper accessions se-
lected. Peak assignment and identiﬁcation of capsiate, dihydrocapsiate,
and DMBO were based on comparison of the RT and m/z data with
those of the standards. The quantitative analysis of capsiate and dihy-
drocapsiate was performed by plotting analyte peak area ratio, stan-
dardized with the peak area ratio of internal standard, against con-
centration. Capsiate and dihydrocapsiate were found in all the pepper
accessions in the ranges of 1.21–544.59 μg/g DW and 0.61–81.95 μg/g
DW, respectively (Table 1). In all accessions, the detected amounts of
capsiate were higher than those of dihydrocapsiate. The capsiate/di-
hydrocapsiate ratio was higher in the ‘Red Habanero’, ‘Bhut Jolokia’,
and ‘Chile Serrano’ accessions, where the capsiate amounts detected
were up to 64-fold higher than the dihydrocapsiate’s.
3.5. Capsinoid identiﬁcation in ‘Bhut Jolokia’ by HPLC-ESI-MS/MS
(QTOF)
The HPLC-ESI-MS/MS(QTOF) method was used to conﬁrm the
identity of the capsinoids and when no standards were available, the
fragmentation pattern and the assignation of the most accurate ele-
mental formulae were carried out with the Data Analysis software
(Table 2). This method was applied for capsinoid identiﬁcation in the
‘Bhut Jolokia’ accession and its chromatogram is shown in Fig. 3. Three
out of the ﬁve peaks detected were identiﬁed as capsinoids: capsiate
(peak 2), DMBO (peak 4), and dihydrocapsiate (peak 5) at 31.0 (m/z
329.1731), 34.0 (m/z 331.1888), and 35.3 min (m/z 331.1885), re-
spectively (Fig. 3B and D). Peak 1 at 27.4 min (m/z 301.1409) could be
putatively attributed to the [M+Na]+ ion of any of the O8C isomers, 4-
ene-5-methyl nornorcapsiate, 4-ene-6-methyl nornorcapsiate or vanillyl
5-octanoate [(E)-4-hidroxy-3-methoxybenzyl 5-octenoate] (Fig. 3A;
Supplementary material, Table S3), according to its fragmentation
pattern with MS/MS product ions at m/z 137.0578 and 159.0405 and
the accurate elemental formulae assigned to both product ions and
parent ion (Table 2). Peak 3 at 31.7 min (m/z 317.1693) could be pu-
tatively attributed to the [M+Na]+ ion of any of the O9C isomers, 6-
methyl nordihydrocapsiate or 7-methyl nordihydrocapsiate (Fig. 3C;
Supplementary material, Table S3). The vanillyl nonanoate [4-hidroxy-
3-methoxybenzyl nonanoate] isomer was rejected because this standard
eluted at a larger retention time (32.1min). Based on the exact mass to
charge ratio (m/z), fragmentation pattern (product ions at m/z
137.0580 and 159.0407) and the most likely elemental formulae for
product and parent ions (Table 2), the structures for the putative O9C
isomers were proposed (Supplementary material, Table S3).
The capsiate fragmentation pattern displayed in Fig. 4A allowed the
capsinoid fragmentation pattern to be proposed. Fragmentation of the
molecular ion [M+Na]+ at m/z 329 (capsiate) produced product ions
at m/z 159.0417 as base peak and at m/z 137.0605, corresponding to
sodiated and protonated vanillyl ring moiety, respectively. This
Fig. 2. Chromatogram obtained by HPLC-ESI-MS
(QTOF) in positive ion mode of a combined standard
solution in 60% methanol, containing the thirteen
capsinoid standards at a concentration of 50 µmol/l:
(1) O7C; (2) O8C; (3) Capsiate; (4) O9C; (5) DMBO;
(6) Dihydrocapsiate; (7) O10C; (8) O11C; (9) O12C;
(10) O13C; (11) O14C; (12) O15C; (13) O16C.
Table 1
Concentrations of capsiate and dihydrocapsiate found in pepper fruit extracts from diﬀerent accessions determined by the HPLC-ESI-MS(QTOF) method developed.
Values are showed as [means ± SE (n= 3)].
Accession Name Accession
Number
Specie Capsiate Dihydrocapsiate
(µg/g DW) (µg/g DW)
RU72-241 C-83 C. chinense 38.46 ± 32.53 3.32 ± 2.52
Mishme C-276 1.21 ± 1.06 0.61 ± 0.56
Red Habanero C-401 156.97 ± 6.11 2.46 ± 0.87
Bhut Jolokia C-449 440.90 ± 253.22 27.25 ± 3.73
Chile Serrano C-141 C. annuum 61.04 ± 94.31 4.03 ± 5.81
Chile de Árbol C-204 5.00 ± 2.97 1.09 ± 0.27
Tabasco C-103 C. frutescens 20.62 ± 33.07 3.58 ± 2.91
RU72-7 C-163 544.59 ± 245.71 81.95 ± 40.35
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fragmentation occurred from the cleavage of the C7–O8 bond and sub-
sequent rearrangement of the double bonds of the vanillyl ring moiety.
Similar product ions at m/z 159.0417 and at m/z 137.0580 were ob-
served during the fragmentation of dihydrocapsiate (Table 2). The
fragmentation pattern of capsiate showed additional product ions from
the fragmentation of the aromatic ring moiety, while the fragments at
m/z 122.0357 were produced by a rapid dissociation of the methylene
moiety from product ions at m/z 137, and the fragments at m/z
177.0555 were originated by the cleavage of the O8-C9 bond and sub-
sequent rearrangement of the double bond of the vanillyl ring moiety
(Fig. 4B; Table 2). The fragmentation pattern of dihydrocapsiate
showed similar product ions at m/z 122.0358 and at m/z 177.0558.
Moreover, product ions were produced at m/z 193.1187 for capsiate
(and at m/z 195.1334 for dihydrocapsiate), showing the acyl residue of
the molecule obtained from the cleavage of the benzylic carbon bond
C1–C7.
4. Discussion
Since ancient times, hot peppers have been widely used, not only as
food, spice or colourants, but also for medical purposes. Nowadays,
their health properties are well known and have been attributed to
capsaicinoids and capsinoids (Fayos, Mallor, et al., 2018). Due to the
increasing interest in capsinoids, a new HPLC-ESI-MS(QTOF) analytical
method has been developed and validated for a sensitive and precise
quantiﬁcation of capsiate and dihydrocapsiate in pepper fruit extracts.
In addition, the ESI-MS/MS analysis provides an accurate identiﬁcation
of major and minor capsinoids, by means of their fragmentation pattern
and exact mass. To the authors’ knowledge, this is the ﬁrst time that
capsinoids have been determined by HPLC-ESI/MS(QTOF) and ESI-MS/
MS(QTOF). This method can be useful in breeding programs, for ex-
haustive analysis of metabolite diversity and to manipulate capsinoid
proﬁles more eﬀectively. The ﬁnest selection of Capsicum cultivars with
high capsinoid contents would improve the nutritional value of pepper
fruits and would be adapted to meet the consumers’ demand.
In this work, for the capsinoid separation by reverse chromato-
graphy (C-18), samples were prepared in aqueous methanol (60%
MeOH) and were chromatographed using a gradient program (60%
MeOH–100% MeOH). This elution program provided an eﬃcient se-
paration of thirteen capsinoid standards, two of them being isomers
(dihydrocapsiate and 4-hydroxy-3-metoxybenzyl decanoate).
Acetonitrile and most of the time, methanol (MeOH) combined with
water at diﬀerent concentrations (50%–80% for MeOH and 50–60% for
acetonitrile) have usually been used for capsinoid separation in reverse
chromatography (Sutoh, Kobata, & Watanabe, 2001; Lang et al., 2009;
Singh et al., 2009; Tanaka et al., 2009; Barbero et al., 2010; Han et al.,
2013; Kobata, Sugawara, Mimura, Yazawa, & Watanabe, 2013; Tanaka
et al., 2015). In addition, a gradient elution program has previously
been used to separate the major capsinoids (Wahyuni et al., 2011;
Kobata et al., 2013) and 15 capsaicinoid analogues (Schweiggert, Carle,
& Schieber, 2006).
The HPLC-ESI/MS(QTOF) method developed has some advantages
over the other analytical methods previously reported. The LODs and
LOQs obtained, both for capsiate and dihydrocapsiate, were 0.010 and
0.026 μg/g, respectively (equivalent to a concentration of 0.02 and
0.05 μmol/l in the extract), and the method was linear from LOQs to
100 μmol/l. The sensitivity of this method is better than the one re-
ported using a UHPLC-PDA method validated for capsinoids, in which
LODs and LOQs were>10-fold higher (Coutinho et al., 2015), and also
better than the LC-MS methods used for capsaicinoid determination
(Garcés-Claver, Arnedo-Andrés, Abadia, Gil-Ortega, & Álvarez-
Fernandez, 2006; Alothman et al., 2012). In addition, the MS(QTOF)
provides higher selectivity than UV/Vis detectors for capsinoid quan-
tiﬁcation in pepper fruits, in which capsinoids are measured at the same
wavelength as capsaicinoids, and their quantiﬁcation can be over-
estimated (Lang et al., 2009; Tanaka et al., 2009; 2010a, 2010b; Tanaka
et al., 2015; Coutinho et al., 2015). In contrast, capsinoid-like com-
pounds are identiﬁed by exact mass on the MS(QTOF) analyzer, al-
lowing their quantiﬁcation in trace amounts. In this regard, the de-
veloped HPLC-ESI/MS(QTOF) method could assist the metabolomic
studies in association with genetic and transcriptomic advances to
elucidate part of the capsinoid biosynthesis pathways. The repeatability
and intermediate precision of the method, expressed as RSD for the
peak area, were in the range of 1.83–2.25% for intraday and
1.33–2.11% for interday assays, similar to those reported using UHPLC-
PDA, which were in the range of 0.91–1.92% and of 2.03–3.92%, re-
spectively (Coutinho et al., 2015). On the other hand, the accuracy of
the analytical method was evaluated using recovery tests. Recoveries
were obtained, by spiking fruit extracts of the ‘Bhut Jolokia’ accession,
for the ﬁrst time for capsiate and dihydrocapsiate in the range of
92.7–98.0% and of 89.6–97.3%, respectively. These recoveries were
somewhat higher than those found for capsaicinoids using LC-MS
Table 2
Characterization of capsinoids found in pepper fruits extract from the ‘Bhut Jolokia’ accession including retention time (RT), elemental formula of parent and product
ions, measured and calculated m/z of parent and product ions, mass error in mDa and Sigma FitTM values.
Compound RT (min) Parent Ion
Formula
Measured m/z Calculated m/z Produt Ions
Formula
Measured m/z Calculated m/z error mDa Sigma
FitTM
4-ene-5-methyl nornorcapsiate, 4-ene-
6-methyl nornorcapsiate or
vanillyl 5-octenoate
27.4 C16H22NaO4 301.1409 301.1410 0.1 0.05
C8H9O2 137.0578 137.0597 1.9 n.a.
C8H8NaO2 159.0405 159.0417 1.2 n.a.
Capsiate 31.0 C18H26NaO4 329.1731 329.1723 -0.7 0.04
C8H9O2 137.0605 137.0597 -0.8 0.78
C8H8NaO2 159.0417 159.0417 1.0 0.02
C7H6O2 122.0357 122.0362 0.5 n.a.
C8H10NaO3 177.0555 177.0522 -3.3 n.a.
C10H18NaO2 193.1187 193.1199 1.2 n.a.
6-methyl nordihydrocapsiate or 7-
methyl nordihydrocapsiate
31.7 C17H26NaO4 317.1693 317.1723 3.0 0.10
C8H9O2 137.0580 137.0597 1.7 n.a.
C8H8NaO2 159.0407 159.0417 1.0 n.a.
Dihydrocapsiate 35.3 C18H28NaO4 331.1885 331.1880 -0.5 0.03
C8H9O2 137.0623 137.0597 -2.5 0.78
C8H8NaO2 159.0419 159.0417 -0.3 0.05
C7H6O2 122.0358 122.0362 0.4 n.a.
C8H10NaO3 177.0558 177.0522 -3.6 n.a.
C10H20NaO2 195.1334 195.1356 2.2 n.a.
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methods, which were found in the range of 79–95% (Garcés-Claver
et al., 2006; Alothman et al., 2012).
Furthermore, the ESI-MS/MS(QTOF) analysis provided signiﬁcant
information of capsinoid [M+Na]+ molecular ions and of their product
ions at exact m/z, valuable for the characterization of the capsinoid
fragmentation pattern. All capsinoids shared a similar fragmentation
pattern, diﬀering only in the fragments corresponding to the branched-
chain fatty acids. These fragmentation patterns were in turn similar to
those of capsaicinoids (Singh et al., 2009; Schweiggert et al., 2006).
Thus, in ‘Bhut Jolokia’, besides capsiate and dihydrocapsiate, two other
putative isomers of O8C and O9C atoms in the acyl chain were tenta-
tively identiﬁed based on their exact mass-to-charge ratio (m/z), frag-
mentation pattern, and assignment of the most likely elemental for-
mulae for parent and product ions. Even though the occurrence of the 7-
methyl nordihydrocapsiate and its isolation from fruits of the ‘CH-19
Sweet’ cultivar has already been reported (Kobata et al., 1999), the
assignment of the O9C isomer as 7-methyl nordihydrocapsiate has not
been possible, since its standard is not available. In the case of the
putative isomer O8C, the identiﬁcation of such a compound in pepper
fruit extracts has been reported for the ﬁrst time in this study. There is
previous knowledge and identiﬁcation of these isomers for capsaici-
noids-type compounds from pepper fruit extracts (Schweiggert et al.,
2006); however, an unequivocal identiﬁcation will depend on the
availability of standards for these capsinoids.
An additional advantage of the method developed in the present
study was the use of DMBO as an internal standard in all capsinoid
analysis. DMBO is an analogue to capsiate and dihydrocapsiate, not
present in natural Capsicum fruits, stable under analysis conditions, and
with a chemical structure closely related to that of capsinoids
(Supplementary material, Fig. S1). Moreover, the ionization and frag-
mentation behaviour of DMBO is similar to that of capsinoids (Fayos,
Barbero, et al., 2018). The chromatographic conditions were designed
to separate DMBO from dihydrocapsiate, because both compounds have
the same m/z (331). None of the previous analytical methods afore-
mentioned used internal standards for capsinoid quantiﬁcation, and
thus, the HPLC-ESI-MS(QTOF) method provided a more accurate
quantiﬁcation of capsiate and dihydrocapsiate without any matrix ef-
fects.
The method developed was successfully applied to determine cap-
sinoids in eight Capsicum accessions. Capsiate and dihydrocapsiate were
quantiﬁed in all of them in a broad range; from 1.21 up to 544.59 µg/g
DW and from 0.61 up to 81.95 µg/g DW, respectively. The diﬀerences
in the capsinoid contents within pepper accessions may be attributed to
fruit variability (Singh et al., 2009; Schweiggert et al., 2006). Overall,
the capsiate and dihydrocapsiate contents found here are in line with
those found in the literature (Singh et al., 2009; Tanaka et al., 2009;
Wahyuni et al., 2011). For instance, in ‘Red Habanero’ and ‘Bhut Jo-
lokia’, two well-know pungent pepper cultivars, 296 µg/g DW and
308 µg/g DW of capsiate plus dihydrocapsiate, respectively had pre-
viously been reported (Tanaka et al., 2015). Considering that DW is
approximately 10% of FW, the values reported for the ‘RU 72-241’
accession were in agreement with those found by Wahyuni et al.
(2011). Furthermore, the higher sensitivity, selectivity and accuracy of
this method have allowed the quantiﬁcation of capsinoids in the ‘Ta-
basco’ accession (3.09–58.76 μg/g DW of capsiate and 1.80–6.94 μg/
g DW of dihydrocapsiate), which had not been previously detected for
this accession (Tanaka et al., 2009; Wahyuni et al., 2011).
5. Conclusions
In summary, an improved HPLC-ESI-MS(QTOF) method has been
developed and validated to analyze the major capsinoids, capsiate and
dihydrocapsiate, in extracts of Capsicum fruits. Moreover, the applica-
tion of this method to capsinoid determination from pepper fruit ex-
tracts has allowed, for the ﬁrst time, the identiﬁcation of two minor
capsinoid analogues by exact m/z, molecular formula and fragmenta-
tion pattern. The method developed would be particularly suitable for
the exhaustive analysis of all capsinoids present in pepper fruit samples.
Its applicability range is wide, for instance, in breeding programs to
Fig. 3. HPLC-ESI-MS/MS(QTOF) chromatogram of capsinoids found in fruit
extracts of ‘Bhut Jolokia’ accession: (A) isomer of O8C; (B) capsiate; (C) isomer
of O9C; (D) DMBO and dihydrocapsiate. The chromatogram traces correspond
to the [M+Na]+ ± 0.02m/z of each capsinoid.
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select genotypes with certain capsinoid contents, which meet the de-
mands of the consumer market and food industry, and in studies of gene
expression aimed to identify the genes involved in capsinoid bio-
synthesis.
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